Many aspects of brain development, function, and repair depend on the interaction of neurons with brain immune cells, the microglia. By combining CLEM and SPIM microscopy, a recent study has challenged the current view that microglia can ''eat'' entire synapses, highlighting the incredible complexity of neuronal-microglial interactions in vivo.
Microglia are versatile glial cells of the myeloid lineage, able to perform both immune-and glial-related functions, ranging from fighting pathogens to the removal of entire neurons. It has been shown that brain functions are compromised in contexts where microglia are reduced or absent, leading to behavioral deficits and learning disabilities (Parkhurst et al., 2013) . It is thought that microglia modulate brain function in several ways, from secreting diffusible factors such as chemokines and other pro-and anti-inflammatory signals to removing apoptotic neurons during brain development. In this context, live imaging has been instrumental in demonstrating that microglia use long cellular branch extensions to probe the extracellular space and to remove dying neurons at an impressive rate (Mazaheri et al., 2014) . Work in the last decade has shown that microglia can also remove synapses to ensure correct brain wiring, a process known as ''synaptic pruning.'' Here, live imaging has revealed that microglia make brief but frequent contacts with neuronal processes, suggesting a direct involvement for microglia in neuronal modulation (Wake et al., 2009) . This hypothesis was further confirmed by several studies linking microglial phagocytic receptors with synaptic remodeling. In 2011, Paolicelli and colleagues showed that lack of the fractalkine receptor Cx3cr1 results in a transient excess of immature synapses in the hippocampus (Paolicelli et al., 2011) , while knocking out the microglial complement receptor CR3 leads to a surplus of synapses in the postnatal retinogeniculate system (Schafer et al., 2012) . Evidence that this is engulfment dependent comes from the colocalization of microglial and synaptic markers by immunofluorescence and EM data showing the presence of synaptic vesicles inside microglia. By using compounds known to decrease or increase neuronal activity, Schafer and colleagues could also demonstrate that microglial-mediated elimination of retinal ganglion cell inputs is influenced by neuronal activity with weaker synapses being preferentially eliminated over stronger elements (Schafer et al., 2012) . Thus, there is significant evidence supporting an active role for microglia in synaptic pruning, and the general assumption is that one synapse is removed in its entirety in a mechanism that is similar to that demonstrated for apoptotic neurons.
In a recent paper, Weinhard and colleagues addressed the mechanism by which microglia remove synapses, taking advantage of recent developments in light and electron microscopy and in methods that integrate these two approaches (Weinhard et al., 2018a) . Having established the peak of microglial phagocytic activity in the hippocampus, they used transgenic mouse lines where a subset of microglia and neurons were fluorescently labeled with cytoplasmically localized markers. In this assay, synaptic pruning should result in the uptake of the fluorescent neuronal marker into microglia. However, in contrast to previous immunohistochemistry studies, co-localization of microglia and neuronal markers proved to be rare. Moreover, correlative light and electron microscopy (CLEM) allowed the authors to demonstrate that these colocalizations were either membrane juxtapositions or encapsulations of spines that were however still attached to their corresponding dendrites. The unbiased exploration of several microglia by three-dimensional focussed ion beam milling combined with scanning electron microscopy (FIB-SEM) reconstructions led to the identification of small presynaptic elements inside microglia or in the process of ''entering'' into microglia. These events were defined as trogocytic (from the ancient Greek trogo, meaning ''bite''), a term first used in immunology to describe the partial transfer of plasma membrane from antigen-presenting cells to lymphocytes (Joly and Hudrisier, 2003) . Weinhard and colleagues observed that after trogocytosis, part of the presynaptic material was still attached to neurons, suggesting that microglia engage only in partial synaptic elimination (Figure 1 ). Finally, live imaging of organotypic culture using a selective plane illumination microscopy (SPIM) microscope, which allows rapid image acquisition with limited phototoxicity, confirmed trogocytosis and led to an additional unexpected discovery. The authors observed the formation of filopodia that projected from spines following transient interactions with microglia ( Figure 1) . Interestingly, in few cases, they could also confirm that induced spine head filopodia made stable contacts with a different neighboring bouton. Indeed, similar structures have been previously suggested to mediate spine ''switching'' from one bouton to another in the context of synaptic plasticity and induce rearrangement of synapses, a mechanism underlying learning and memory (Sch€ atzle et al., 2011) . The findings of Weinhard et al. (2018a) broaden our understanding of the role of immune cells in the remodeling and evolu-tion of brain circuits during brain development. Not only do the authors provide evidence that synaptic pruning is a form of ''nibbling,'' but they also show that transient microglia-spine interactions could help promote synaptic ''switching.'' It remains to be shown whether nibbling and switching are linked and whether the removal of parts of synapses could promote the formation of new connections. Further studies will also be needed to determine the extent to which such dynamic interactions between neurons and immune cells can influence brain activity and wiring. These issues are particularly relevant in light of recent studies showing clear gender differences in synaptic spine and bouton density (Weinhard et al., 2018b) and inappropriate complement-dependent synaptic pruning in Alzheimer's disease models (Hong et al., 2016) .
Microglial activities are clearly multifaced, and they might vary depending on brain regions and time, for example, during development or adulthood. However, the study from Weinhard et al. (2018a) provides a clear example of how our mechanistic understanding of such activities is being advanced by new fast-imaging technologies that achieve ultrastructural resolution. Quantitative imaging approaches should also be instrumental in the development of therapeutic interventions able to modulate microglial activities in the context of neurodegenerative and psychiatric disorders.
